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© Method for utilization of carbon tetrachloride in the preparation of methyl chloride. 



© Carbon tetrachloride, which is a material of low 
value or to be banned due to the problem of the 
destructiveness against the stratospheric ozone lay- 
er, can be efficiently utilized in the preparation of 
more useful methyl chloride by a catalytic vapor- 
phase reaction in a vapor mixture of carbon tetra- 
chloride and methyl alcohol. The solid catalyst with 
which the vapor mixture is contacted at 150 to 250 

a* C is a zinc chloride catalyst supported on an active 
carbon carrier. The conversion of carbon tetrachlo- 
O ride is almost 100% when the contacting time is 10 
to 20 seconds. 
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METHOD FOR UTILIZATION OF CARBON TETRACHLORIDE IN THE PREPARATION OF METHYL CHLORIDE 



BACKGROUND OF THE INVENTION 

The present invention relates to a method for 
the utilization of carbon tetrachloride. More particu- 
larly, the invention relates to a method for the 
utilization of carbon tetrachloride, which may cause 
a problem of environmental pollution, in the prep- 
aration of methyl chloride as a useful chemical 
compound. 

As is well known as one of the serious issues 
in recent years relative to environmental pollution, 
carbon tetrachloride is, besides specific fluorocar- 
bon compounds and the like chemical compounds, 
notoriously destructive against the stratospheric 
ozone layer. 

According to an established international 
agreement, certain fluorocarbons are to be banned 
in the near future or even within this century and 
intensive investigations are now under way in var- 
ious industrial fields for replacing fluorocarbons 
with harmless substitutes to comply with this re- 
quirement. It should be noted here, however, that 
several chlorine-containing organic comounds are 
comparable with or even worse than the fluorocar- 
bon compounds in respect of the destructiveness 
against the stratospheric ozone layer. Carbon tetra- 
chloride is one of such chlorine-containing com- 
pounds. For example, the ozone-destruction index 
of carbon tetrachloride is estimated to be 1.0 to 1.2 
assuming that the values for trichlorofluoromethane 
and dichlorodifluoromethane are each 1.0. in addi- 
tion, carbon tetrachloride is suspected to be re- 
sponsible for the tendency toward global warming 
by the greenhouse effect for which carbon dioxide 
is assumed to have the principal responsibility. 
Accordingly, it is an inevitable trend that carbon 
tetrachloride is also entirely placed under a ban 
sooner or later. 

As is known, carbon tetrachloride is produced 
in two industrial processes. One of the processes, is 
the reaction of carbon disulfide with chlorine ac- 
cording to the reaction equation 

CS 2 + 3C! 2 - CCl* + S 2 CI 2 . 



This reaction is a single-step reaction produc- 
ing only carbon tetrachloride and sulfur chloride. 
Since sulfur chloride can be produced also in a 
different process, there will hardly be caused any 
confusion in the chemical industry even when the 
process utilizing the above reaction is entirely dis- 
continued. 

Alternatively, carbon tetrachloride is being 
manufactured by the direct chlorination of methane 



with chlorine. The reaction here proceeds as a 
successive chlorination of methane concurrently 
producing methyl chloride, methylene chloride, 
chloroform and carbon tetrachloride. The reaction 

5 mixture after the reaction is usually a mixture of 
these four chlorides of methane together with un- 
reacted methane. Each of the intermediate 
chlorination products of methane, i.e. the 
chloromethanes other than carbon tetrachloride, is 

70 an industrially important compound and is con- 
sumed in a large quantity. In other words, carbon 
tetrachloride is produced as an undesirable by- 
product in the production of these useful intermedi- 
ate chlorination products of methane. Accordingly, 

75 it is a due expectation that there will be caused a 
great confusion in the chemical industry when the 
above described process for the direct chlorination 
of methane is entirely discontinued since no other 
industrially feasible processes comparable to the 

20 direct chlorination of methane are known for the 
production of the intermediate chlorination products 
of methane. Accordingly, production of carbon tet- 
rachloride as a by-product in this process is, so to 
say, a necessary evil. 

25 It is therefore an important technical problem to 
develop an efficient industrial method for the dis- 
posal of carbon tetrachloride without causing any 
problems of environmental pollution or rather for 
the conversion of carbon tetrachloride into useful 

30 and harmless compounds. Several proposals and 
attempts have been made hitherto in this purpose. 
They are, for example, as follows. 

Firstly, carbon tetrachloride can be reduced 
with hydrogen into lower chlorination products of 

35 methane such as chloroform and methylene chlo- 
ride in the presence of a Raney nickel catalyst. 
This method, however, has serious problems in 
respect of the low reaction velocity, insufficient life 
of the catalyst, formation of a large amount of by- 

40 products such as 1,2-dichloroethane and the like so 
that this method is still at the stage of laboratory 
investigations. 

Secondly, carbon tetrachloride is subjected to 
a combustion reaction with a fuel gas such as 

45. methane, LPG and the like in the presence of air to 
be converted into carbon dioxide and hydrogen 
chloride. This process is of course disadvanta- 
geous because, even by setting aside the problem 
- of large consumption of the fuel gas, the combus- 

50 tion temperature is so high as to necessitate use of 
a highly refractory combustion furnace having high 
resistance against corrosive hydrogen chloride. 
Moreover, the products of the process are each a 
material of low added value capable of being pro- 
duced at low costs in other large-scale industrial 
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processes. 

Apart from the above described direct chlorina- 
tion of methane, methyl chloride can be industrially 
produced by the reaction of methyl alcohol and 
hydrogen chloride. This process is usually per- 
formed in the gaseous phase in the presence of a 
solid catalyst because the velocity of the reaction 
is low in the liquid phase hardly to achieve suffi- 
cient utilization of the starting materials. The above 
mentioned solid catalyst for the vapor-phase reac- 
tion of. methyl alcohol and hydrogen chloride usu- 
ally contains a catalytically active metallic element 
including the elements of the Group IB, e.g., cop- 
per, elements of the Group IIA, e.g., magnesium, 
calcium and barium, elements of the Group IIB, 
e.g., zinc, cadmium and mercury, elements of the 
Group VIB, e.g., chromium and molybdenum, ele- 
ments of the Group VIIB, e.g., manganese, and 
elements of the Group VIII, e.g., iron, cobalt and 
nickel, of the Periodic Table in the form of an oxide 
or halide supported on a solid carrier such as 
alumina, pumice, kaolin, zeolite, active carbon and 
the like. 

It would be an idea to develop a process in 
which carbon tetrachloride is utilized in an indus- 
trial process for the preparation of methyl chloride, 
possibly, by the reaction with methyl alcohol ac- 
cording to the reaction equation of: 

4CH 3 OH +CCU 4CH3CI + 2H 2 0 + C0 2 . (1) 

This reaction is a sequential combination of the two 
elementary reactions expressed by the reaction 
equations of: 

CCU + 2H 2 0 -*C0 2 + 4HCI (2) 

and 4CH 3 OH + 4HCI - 4CH 3 CI + 4H 2 0 . (3) 

Namely, carbon tetrachloride is first hydrolyzed in 
the reaction (2) by reacting with atmospheric mois- 
ture and the hydrogen chloride produced by the 
reaction (2) pertains to the esterification reaction of 
methyl alcohol according to the equation (3). 

In so far as the matter concerns the esterifica- 
tion reaction of methyl alcohol only, no particular 
difference can be seen in the catalytic performance 
of the above described various catalysts and sat- 
isfactory results can be obtained with any one of 
those catalysts. In the reaction of methyl alcohol 
with carbon tetrachloride in which the esterifiction 
reaction must be preceded by the hydrolysis reac- 
tion of carbon tetrachloride, however, no quite sat- 
isfactory results have yet been reported for the 
conversion of methyl alcohol into methyl chloride at 
an industrially feasible velocity in a high yield. This 
is because the rate-determining reaction in the 
sequence of the reactions (2) and (3) is the step of 



the reaction (2) which is of a quite different nature 
from the reaction (3). 

Japanese Patent Kokai 56-167628 and 57- 
165330 disclose a process for the reaction of meth- 

5 yl alcohol in the vapor phase with hydrogen chlo- 
ride gas containing methylene chloride, chloroform 
and carbon tetrachloride in the presence of a zinc 
chloride catalyst supported on an alumina carrier. 
This process, however, is for the preparation of 

10 methyl chloride from methyl alcohol by the reaction 
with hydrogen chloride gas which is a by-product 
in the direct chlorination of methane and necessar- 
ily contains the chloromethanes when no isolation 
step is undertaken to remove the chloromethanes. 

75 In this process, accordingly, it is assumed that the 
chloromethane compounds, i.e. methylene chloride, 
chloroform and carbon tetrachloride, are contained 
intact in the reaction product. The teaching in the 
above mentioned Japanese Patent Kokai 56- 

20 167628 is given with an object to prevent deactiva- 
tion of the zinc chloride catalyst on alumina by the 
deposition of carbon produced by the decomposi- 
tion of chloroform and carbon tetrachloride while 
Japanese Patent Kokai 57-165330 teaches a meth- 

25 od in which decomposition of methylene chloride, 
chloroform and carbon tetrachloride can be com- 
pletely prevented, according to the examples, by 
using a catalyst of zinc chloride on an alumina 
carrier. 

30 

SUMMARY OF THE INVENTION 

The present invention accordingly has an ob- 
ject to prpovide a method for the utilization of 

35 carbon tetrachloride of relatively low usefulness or, 
rather, as a nuisance in the production of an indus- 
trially more useful product such as methyl chloride 
by the reaction with methyl alcohol in a high yield 
at an industrially feasible velocity. 

40 Thus, the method of the invention for the utili- 
zation of carbon tetrachloride in the preparation of 
methyl chloride comprises: contacting a vapor mix- 
ture of carbon tetrachloride and methyl alcohol in a 
molar ratio of 1 .01 to 2.0 moles of carbon tetrachlo- 

45 ride per 4 moles of methyl alcohol under a pres- 
sure up to 10 kg/cm 2 G at a temperature in the 
range from 150 to 250 *C with a solid catalyst 
comprising, as an active ingredient, a halide or 
oxide of an element selected from the group of the 

50 elements belonging to the Groups IB, IIA, IIB, VIB, 
VIIB and VIII of the Periodic Table, supported on 
active carbon as a carrier. The contacting time of 
the vapor mixture with the solid catalyst is usually 
in the range from 1 to 60 seconds. 

55 It Is sometimes advantageous that the vapor 
mixture further contains hydrogen chloride. 

DETAILED DESCRIPTION OF THE PREFERRED 
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EMBODIMENTS 

The reaction of the above described process 
for obtaining methyl chloride from carbon tetrachlo- 
ride by the reaction with methyl alcohol is ex- 
pressed by the overall reaction equation 

4CH 3 OH + CCU -4CH 3 CI + 2H 2 0 +C0 2 . (1) 

This overall reaction equation is a combination of 
two elementary reaction equations including 

CCU + 2H 2 0 - C0 2 + 4HCI (2) 

for the hydrolysis reaction of carbon tetrachloride 
and 

4CH 3 OH + 4HCI - 4CH 3 CI + 4H 2 0 (3) 

for the esterification reaction of methyl alcohol. 

The catalytically active ingredient in the solid 
catalyst used in the inventive method is a halide or 
oxide of an element selected from the group con- 
sisting of the elements belonging to the Group IB, 
e.g., copper, Group IIA, e.g., magnesium, calcium 
and barium, Group IIB, e.g., zinc, cadmium and 
mercury, Group VIB, e.g., chromium and molyb- 
denum, Group VIIB, e.g., manganese, and Group 
VIII, e.g., iron, cobalt and nickel, of the Periodic 
Table. These catalytically active ingredients are 
supported on active carbon as the solid carrier. 
Among the above named catalytically active ingre- 
dients, halides and oxides of the Group VIII metals 
and halides of the Group IIB metals are preferred 
in respect of the reaction velocity. Zinc chloride is 
the most preferable. 

The solid carrier in the preparation of the cata- 
lyst used in the inventive method is active carbon 
by virtue of which the reaction velocity of the 
above mentioned first elementary reaction (2), 
which is rate-determining of the overall reaction 
expressed by the equation (1), is greatly increased 
to give methyl chloride in a high yield at a large 
reaction velocity. This advantageous effect Is due 
at least partly to the relatively large specific surface 
area of active carbon amounting to 700 to 1500 
m 2 /g as compared with alumina having a specific 
surface area of 150 to 350 m 2 /g, silica having a 
specific surface area of 200 to 600 m 2 /g, activated 
clay having a specific surface area of 100 to 250 
m 2 /g and synthetic zeolite having a specific surface 
area of 400 to 750 m 2 /g. 

The reaction of the inventive method is per- 
formed at a temperature in the range from 150 to 
250 ° C. When the reaction temperature is too low, 
the velocity of the reaction is disadvantageously 
low. When the temperature is too high, on the other 
hand, the advantages obtained by the increase in 



the reaction velocity are negated due to the serious 
corrosion of the reactor necessitating use of highly 
corrosion-resistant but very expensive materials. 
The pressure of the gaseous reaction mixture is 

5 preferably in the range from normal pressure to 10 
kg/cm 2 G. Further increase in the reaction pressure 
gives an advantage that the capacity of the reactor 
can be decreased so small but a problem is caus- 
ed thereby in the selection of the material of the 

70 reactor which must have a sufficiently high me- 
chanical strengths even under the corrosive con- 
ditions. When the above specified temperature and 
pressure are undertaken in a continuous process of 
passing a gaseous mixture of methyl alcohol and 

75 carbon tetrachloride through a catalyst bed, conver- 
sion of carbon tetrachloride can be as high as 95% 
or more by a contacting time of 1 to 60 seconds 
or, in most cases, 10 to 20 seconds to react with 
methyl alcohol. The selectivity of the catalytic reac- 

20 tion is very high and almost all of the consumed 
carbon tetrachloride can be converted into methyl 
chloride with a very small amount of by-products. It 
is preferable that the proportion of the carbon tetra- 
chloride relative to methyl alcohol in the gaseous 

25 mixture introduced into the reactor is somewhat in 
excess over the stoichiometric proportion or, in 
other words, 4 moles of methyl alcohol are ad- 
mixed with carbon tetrachloride in an amount 
somewhatlarger than 1 mole or, preferably, in the 

30 range from 1.01 to 2.0 moles. 

It is sometimes advantageous that the vapor 
mixture of carbon tetrachloride and methyl alcohol 
is further admixed with hydrogen chloride. The 
amount of hydrogen chloride to be added to the 

35 gaseous reactant mixture should preferably be 
such that the molar ratio of (4CCU + HCI)/CH 3 OH 
is in the range from 1 .01 to 1 .30. When this molar 
ratio is smaller than 1 .01 , the amount of unreacted 
methyl alcohol would be increased along with an 

40 increase in the amount of dimethyl ether as a by- 
product formed by the dehydration reaction of 
methyl alcohol. Though not critical, an increase in 
the molar ratio over the above mentioned upper 
limit may decrease the efficiency of chlorine utiliza- 

45 tion into methyl chloride along with an increase in 
the amount of unreacted hydrogen chloride. 

When the reaction system is designed as an 
industrial process, it is advantageous that the gas- 
eous reactant mixture is admixed with a substantial 

50 amount of hydrogen chloride. It is economically 
advantageous in the chlorination process of meth- 
ane or methyl chloride with chlorine in which car- 
bon tetrachloride is produced as a by-product that 
a reactor is installed for the conversion of hydrogen 

55 chloride into methyl chloride by the reaction with 
methyl alcohol. When the process of the inventive 
method is per-formed in the same reactor as 
above, the overall process for the production of 
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chloromethanes can be freed from the problem due 
to carbon tetrachloride formed as an undesirable 
by-product. In most cases of the chlorination pro- 
cess of methane or methyl chloride, the hydrogen 
chloride formed as a by-product is used in the form 
of aqueous hydrochloric acid by being absorbed in 
water. In the process of the inventive method, there 
would be caused no adverse influences by the 
presence of water in the gaseous reactant mixture 
mainly composed of the vapors of carbon tetrachlo- 
ride, methyl alcohol and hydrogen chloride or, rath- 
er, an advantage is obtained by the presence of 
water that the hydrolysis reaction of carbon tetra- 
chloride by the reaction (2) is promoted. 

As is shown by the overall reaction equation (1) 
for the process of the inventive method, carbon 
dioxide is produced as a by-product in an amount 
of one fourth of methyl chloride by moles. The 
carbon dioxide can be readily removed from the 
gaseous mixture of the product by any conven- 
tional method such as absorption in sodium hy- 
droxide, alkali carbonate, ethanol amine and the 
like. 

In the following, examples are given to illustrate 
the method of the invention in more detail but not 
to limit the scope of the invention in any way. As is 
understood from these examples, the present in- 
vention provides a very efficient method for the 
conversion of carbon tetrachloride of less value into 
more useful methyl chloride by the catalytic reac- 
tion carried out at a relatively low temperature of 
150 to 250 * C in a very short contacting time of 10 
to 20 seconds and the conversion of carbon tetra- 
chloride is almost 100%. Example 1. 

A glass-made tubular reactor having an inner 
diameter of 45 mm was filled to form a catalyst 
bed of 450 mm length with a solid catalyst support- 
ing 30% by weight of zinc chloride on pellets of 
active carbon having a diameter of 4 mm and a 
length of 6 mm, of which the specific surface area 
was 1500 m 2 /g, and the catalyst bed was kept at 
200 * C. A gaseous mixture of carbon tetrachloride, 
methyl alcohol and hydrogen chloride was continu- 
ously introduced into the reactor over 100 hours 
under normal pressure. The hourly feed rates were 
56.2 g (0.365 mole) for carbon tetrachloride, 130.9 
g (4.091 moles) for methyl alcohol and 111.0 g 
(3.042 moles) for hydrogen chloride. 

The gaseous mixture coming out of the reactor 
was cooled and partly condensed in a water-cooled 
condenser and the uncondensed gas from the con- 
denser was bubbled into an ice water bath so as to 
have the water-soluble constituents absorbed there- 
in. The amounts of the condensate in the con- 
denser and the increment in the weight of the ice 
water bath were recorded. The volume of the gas 
coming from the ice water bath was measured in a 
gasometer. The rate of gas introduction into the 



gasometer was constant over the reaction time of 
100 hours. 

Each of the above obtained condensate in the 
condenser, water of the ice water bath and the gas 
5 entering the gasometer was analyzed for the con- 
tents of the following constituents. 
Condensate: hydrogen chloride, methyl alcohol and 
chloromethanes 

Ice water bath: hydrogen chloride, methyl alcohol 
70 and chloromethanes 

Gasometer gas: methyl alcohol, chloromethanes, 
carbon monoxide, carbon dioxide and dimethyl 
ether 

The results of the analyses are summarized 
is below as an average of the analytical values for the 

reaction time for each constituent analyzed in one 

or more of the three samples. 

Methyl chloride : 4.080 moles/hour 

Carbon dioxide : 0.355 mole/hour 
20 Methyl alcohol : 0.01 1 mole/hour 

Hydrogen chloride : 0.382 mole/hour 

Water : 4.080 moles/hour 

Carbon tetrachloride : 0.010 mole/hour 

Dimethyl ether : trace 
25 Methylene chloride : not detected 

Chloroform : not detected 

Carbon monoxide : not detected 

The conversions of carbon tetrachloride and 

methyl alcohol were 97.2% and 99.7%, respec- 
30 tively, as calculated from the above obtained ana- 
lytical results. 

Example 2. 

35 The reaction procedure was substantially the 
same as in Example 1 except that the hourly feed 
rates of the carbon tetrachloride and methyl alcohol 
were 173.3 g (1.125 moles) for carbon tetrachloride 
and 130.9 g (4.091 moles) for methyl alcohol and 

40 hydrogen chloride was omitted in the gaseous 
feed. The reaction proceeded as smoothly as in 
Example 1 over the reaction time of 100 hours. The 
results of the analyses are summarized below. 
Methyl chloride : 4.058 moles/hour 

45 Carbon dioxide : 1 .091 moles/hour 
Methyl alcohol : 0.033 mole/hour 
Hydrogen chloride : 0.306 mole/hour 
Water : 4.058 moles/hour 
Carbon tetrachloride : 0.034 mole/hour 

so Dimethyl ether : trace 

Methylene chloride : not detected 
Chloroform : not detected 
Carbon monoxide : not detected 

The conversions of carbon tetrachloride and 

55 methyl alcohol were 97.0% and 99.2%, respec- 
tively, as calculated from the above obtained ana- 
lytical results. 
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Comparative Example. 

The experimental conditions were substantially 
the same as in Example 1 described above except 
that beads of alumina of 4 to 5 mm diameter 
having a specific surface area of 150 m 2 /g were 
used as the carrier of the zinc chloride catalyst in 
place of the active carbon pellets. The volume of 
the gas entering the gasometer began to decrease 
after 50 hours of running and the reaction must be 
discontinued after 60 hours from the start due to 
the extreme decrease in the volume of the gas 
entering the gasometer. The results of the analyses 
averaged for 60 hours of the reaction time were as 
follows. 

Methyl chloride : 2.586 moles/hour 
Carbon dioxide : 0.274 mole/hour 
Methyl alcohol : 1.501 moles/hour 
Dimethyl ether : 0.002 mole/hour 
Hydrogen chloride : 1 .560 moles/hour 
Water : 2.586 moles/hour 
Carbon tetrachloride : 0.080 mole/hour 
Methylene chloride : not detected 
Chloroform : not detected 
Carbon monoxide : not detected 

The conversions of carbon tetrachloride and 
methyl alcohol were 75.0% and 63.3%, respec- 
tively, as calculated from the above obtained ana- 
lytical results. 

Claims 

1. A method for the utilization of carbon tetrachlo- 
ride in the preparation of methyl chloride which 
comprises: contacting a vapor mixture of car- 
bon tetrachloride and methyl alcohol in a molar 
ratio 1.01 to 2.0 moles of carbon tetrachloride 
per 4 moles of methyl alcohol under a pres- 
sure up to 10 kg/cm 2 G at a temperature in the 
range from 150 to 250 ° C with a solid catalyst 
comprising, as an active ingredient, a halide or 
oxide of an element selected from the group of 
the elements belonging to the Groups IB, IIA, 
IIB, VIB, VIIB and VIII of the Periodic Ta* 
ble.supported on active carbon as a carrier. 

2. The method for the utilization of carbon tetra- 
chloride in the preparation of methyl chloride 
as claimed in claim 1 in which the active 
ingredient supported on the carrier is zinc 
chloride. 

3. The method for the utilization of carbon tetra- 
chloride in the preparation of methyl chloride 
as claimed in claim 1 in which the vapor mix- 
ture further contains hydrogen chloride. 

4. The method for the utilization of carbon tetra- 



chloride in the preparation of methyl chloride 
as claimed in claim 1 in which the vapor mix- 
ture further contains water. 

5 5, The method for the utilization of carbon tetra- 
chloride in the preparation of methyl chloride 
as claimed in claim 3 in which the amount of 
the hydrogen chloride contained in the vapor 
mixture satisfies the relationship that the molar 

70 ratio of (4CCU + HCI)/ CH 3 OH is in the range 
from 1.01 to 1.30. 

6. The method for the utilization of carbon tetra- 
chloride in the preparation of methyl chloride 
75 as claimed in claim 1 in which the vapor mix- 

ture is contacted with the solid catalyst for a 
length of time in the range from 1 to 60 sec- 
onds. 

20 
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